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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a means for widening the band width of 
a primary-tertiary longitudinally-coupled double mode elastic surface wave filter 
and also reducing the insertion loss. 

SOLUTION: This longitudinally-coupled multiple module elastic wave filter is 
constituted by arranging a plurality of ID electrodes in the direction of propagation 



of surface waves on the main surface of a piezoelectric substrate. In a section 
where adjacent IDT electrodes are adjoining each other, electrode fingers are 
disposed at narrower pitches than those of the electrode fingers in a section 
excluding the section where they are adjoining each other. 
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CLAIMS 



[Claim(s)] 

[Claim 1] While arranging so that two or more IDT electrodes may be mutually 
approached along the propagation direction of a surface wave on the main front 
face of a piezo-electric substrate [ near the contiguity section of the IDT electrode 
which is the vertical joint multiplex-mode surface acoustic wave filter which has 
arranged the grating reflector, and adjoined both the outsides of these IDT(s) 
electrode (adjoining section) ] The surface acoustic wave filter characterized by 
arranging the electrode finger in the narrow pitch compared with the electrode 
finger pitch (Lt) of parts other than the adjoining section of an IDT electrode. 
[Claim 2] The surface acoustic wave filter according to claim 1 characterized by 
being the primary 3rd [ -] length joint dual mode surface acoustic wave filter 
which carried out contiguity arrangement and constituted three IDT electrodes on 
the main front face of a piezo-electric substrate. 

[Claim 3] The surface acoustic wave filter according to claim 2 characterized by 
setting said adjoining section to the IDT electrode side arranged outside the IDT 
electrode arranged in the center widely. 

[Claim 4] The surface acoustic wave filter according to claim 1 to 3 which makes 

the electrode finger number of said adjoining section four, and is characterized 

by the ratios Lt4/Lt of the electrode finger pitch Lt4 and electrode finger pitches Lt 

other than the adjoining section being 0.8000 <=Lt4/Lt<=0.91 1 1 . 

[Claim 5] The surface acoustic wave filter according to claim 1 to 3 which makes 

the electrode finger number of said adjoining section eight, and is characterized 

by the ratios Lt8/Lt of the electrode finger pitch Lt8 and electrode finger pitches Lt 

other than the adjoining section being 0.8941 <=Lt8/Lt<=0.9530. 

[Claim 6] The surface acoustic wave filter according to claim 1 to 5 with which 



width of face of the electrode finger of said adjoining section and tooth-space 
width of face between electrode fingers are characterized by the equal thing. 
[Claim 7] The surface acoustic wave filter according to claim 1 characterized by 
setting up the electrode finger pitch so that the electrode finger pitch of the 
central part of said adjoining section is the narrowest, and goes toward outside 
and electrode finger pitches other than the adjoining section may be approached. 
[Claim 8] The surface acoustic wave filter according to claim 1 to 5 with which 
width of face of the electrode finger of said adjoining section and width of face of 
electrode fingers other than the adjoining section are characterized by the equal 
thing. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the SAW filter which 
has improved the bandwidth and the insertion loss of the primary 3rd [ -] length 
joint dual mode SAW filter (a dual mode SAW filter is called hereafter) using the 
primary longitudinal mode [ 3rd ] about a surface acoustic wave filter (an SAW 



filter is called hereafter). 
[0002] 

[Description of the Prior Art] In recent years, especially many SAW filters to a 
portable telephone etc. are used from having the description which was used 
widely and was [ nature / high performance, small, / mass-production ] excellent 
in the communication link field. Contiguity arrangement of the three IDT 
electrodes is carried out, the primary longitudinal mode [ 3rd ] is excited to stress, 
and the dual mode SAW filter of the broadband constituted using these is in one 
of the filters used for the RF section of a portable telephone also in it. 
[0003] Drawing 14 is the top view showing the fundamental configuration of the 
conventional dual mode SAW filter, and it arranges the grating reflectors (a 
reflector is called hereafter) 15a and 15b in the both sides of these IDT(s) 
electrodes 12, 13, and 14, respectively while it carries out contiguity arrangement 
of the IDT electrodes 12, 13, and 14 along the propagation direction of a surface 
wave on the main front face of the piezo-electric substrate 1 1 . And while the IDT 
electrodes 12, 13, and 14 are formed from the radial fin type electrode of the pair 
which has two or more electrode fingers put mutually in between, respectively, 
are the central IDT electrodes 12, while go away, and wirebonding etc. is used 
for an input terminal IN and they connect a form electrode to it, the radial fin type 
electrode of another side is grounded, furthermore, the IDT electrode 13 of both 
outsides -- while [ connecting ] going away 14 and connecting form electrodes, 
respectively, it connects with an output terminal OUT, another side is grounded, 
and a dual mode SAW filter is constituted. 

[0004] As shown in drawing 15 , each of each electrode finger pitch of the IDT 
electrodes 12, 13, and 14 is set to Lt (it is lambda=2Lt when an electrode period 
is set to lambda), and the electrode finger pitch of Reflectors 15a and 15b is set 
to Lr. And as for the center-to-center spacing Ltr of the electrode fingers of the 
IDT electrodes 13 and 14 and Reflectors 15a and 15b which adjoin each other, it 
is common to set it as lambda/2 in consideration of the continuity of a surface 
acoustic wave. Moreover, as for the pitch Lr of Reflectors 15a and 15b, it is 



common to set up so that the stop band Bs which these form may include the 
pass band B of the dual mode SAW filter which the primary mode [ 3rd ] excited 
with the IDT electrodes 12, 13, and 14 forms. By considering as such a 
configuration, Q value in the primary mode [ 3rd ] can be enlarged and flattening 
of a pass band and reduction of an insertion loss are attained as a filter. 
[0005] Expansion of the bandwidth of RF filter came to be required that the 
number of channels held corresponding to the rapid spread of cellular phones 
should be increased in recent years. Although various improvements were made 
in order to fill this demand, it was experimentally found out by one of them by 
making smaller than lambda/2 center-to-center spacing Ltt of the electrode 
fingers of the central IDT electrode 12 and the IDT electrodes 13 and 14 of both 
outsides which adjoin each other, as shown in drawing 15 that the bandwidth of a 
dual mode SAW filter increases. Drawing 16 is the top view of the electrode 
pattern at the time of setting the ratio of an electrode digit (Rhine width of face) 
Ln and the tooth-space width of face St to 50:50 (Ln=St=lambda/4), and setting 
up Ltt with lambda/4, and is the electrode pattern Fig. where the electrodes of a 
central IDT electrode and the IDT electrode of both outsides which adjoin each 
other touched mutually. Since two electrode fingers touch in the boundary part of 
an adjacency IDT electrode and one electrode finger is constituted, the Rhine 
width of face becomes broad with lambda/2. Now, in order to attain maximization 
of the bandwidth of a dual mode SAW filter, it is common to set up the center-to- 
center spacing Ltt between 0.2lambda and 0.3lambda, and drawing 17 is an 
electrode pattern of a dual mode SAW filter generally used now. As shown in 
drawing 1717 , as for a broad electrode finger, it is desirable to arrange to the 
both ends of central IDT electrode 12', or to arrange to the innermost side of IDT 
electrode 13' of both outsides and 14', and to constitute in the symmetry to the 
core of central IDT electrode 12' as the whole electrode pattern. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the conventional dual 
mode SAW filter as shown in drawing 17 , since the broad electrode fingers Q1 



and Q2 in the both ends of central IDT electrode 12' are set up more widely than 
other electrode digits (Rhine width of face), when electrode periods differ in the 
part, the continuity of the surface wave excited will be spoiled. Therefore, there 
was a problem that the insertion loss of a dual mode SAW filter could not be 
reduced. It is made in order that this invention may solve the above-mentioned 
problem, and while expanding bandwidth, it aims at offering the dual mode SAW 
filter which reduced the insertion loss. 
[0007] 

[Means for Solving the Problem] Invention of the surface acoustic wave filter 
applied to this invention in order to attain the above-mentioned purpose 
according to claim 1 While arranging so that two or more IDT electrodes may be 
mutually approached along the propagation direction of a surface wave on the 
main front face of a piezo-electric substrate [ near the contiguity section of the 
IDT electrode which is the vertical joint multiplex-mode surface acoustic wave 
filter which has arranged the grating reflector, and adjoined both the outsides of 
these IDT(s) electrode (adjoining section) ] It is the surface acoustic wave filter 
characterized by arranging the electrode finger in the narrow pitch compared with 
the electrode finger pitch (standard pitch: Lt) of parts other than the adjoining 
section of an IDT electrode. Invention according to claim 2 is a surface acoustic 
wave filter according to claim 1 characterized by being the primary 3rd [ -] length 
joint dual mode surface acoustic wave filter which carried out contiguity 
arrangement and constituted three IDT electrodes on the main front face of a 
piezo-electric substrate. Invention according to claim 3 is a surface acoustic 
wave filter according to claim 2 characterized by setting said adjoining section to 
the IDT electrode side arranged outside the IDT electrode arranged in the center 
widely. Invention according to claim 4 makes the electrode finger number of said 
adjoining section four, and is the ratio of the electrode finger pitch Lt4 and 
electrode finger pitches Lt other than the adjoining section. It is the surface 
acoustic wave filter according to claim 1 to 3 characterized by Lt4/Lt being 
0.8000 <=Lt4/Lt<=0.91 1 1 . Invention according to claim 5 is a surface acoustic 



wave filter according to claim 1 to 3 which makes the electrode finger number of 
said adjoining section eight, and is characterized by the ratios Lt8/Lt of the 
electrode finger pitch Lt8 and electrode finger pitches Lt other than the adjoining 
section being 0.8941 <=Lt8/Lt<=0.9530. Invention according to claim 6 is a 
surface acoustic wave filter according to claim 1 to 5 with which width of face of 
the electrode finger of said adjoining section and tooth-space width of face 
between electrode fingers are characterized by the equal thing. Its electrode 
finger pitch of the central part of said adjoining section is the narrowest, and 
invention according to claim 7 is a surface acoustic wave filter according to claim 
1 characterized by setting up the electrode finger pitch so that electrode finger 
pitches other than the adjoining section may be approached, so that it goes 
toward outside. Invention according to claim 8 is a surface acoustic wave filter 
according to claim 1 to 5 with which width of face of the electrode finger of said 
adjoining section and width of face of electrode fingers other than the adjoining 
section are characterized by the equal thing. 
[0008] 

[Embodiment of the Invention] This invention is explained to a detail based on the 
gestalt of operation shown in the drawing below. Drawing 1 is the top view 
showing the electrode pattern configuration of the dual mode SAW filter 
concerning this invention, and it arranges Reflectors 4a and 4b in those both 
sides while it carries out contiguity arrangement of the three IDT electrodes 1, 2, 
and 3 along the propagation direction of SAW on a piezo-electric substrate (not 
shown). The IDT electrodes 1 , 2, and 3 are formed from the radial fin type 
electrode of the pair which has two or more electrode fingers put mutually in 
between, respectively, and they ground the radial fin type electrode of another 
side while they are the central IDT electrodes 1, while go away and connect a 
form electrode to an input terminal IN. furthermore, the IDT electrode 2 of both 
outsides -- while [ connecting ] going away three and connecting form electrodes, 
respectively, it connects with an output terminal OUT, another side is grounded, 
and a dual mode SAW filter is constituted. The dual mode SAW filter of this 



invention is constituted by the symmetry to the core of the central IDT electrode 1. 
[0009] The description of this invention is in the place where the bandwidth of a 
dual mode SAW filter becomes large at, and an insertion loss is reduced by 
having set near [ which adjoins each other] the central IDT electrode 1 and the 
IDT electrodes 2 and 3 of both outsides (the adjoining section being called 
hereafter) (i.e., the section shown in drawing 1 by Li), and having made the 
electrode finger pitch narrower than electrode finger pitches other than the 
adjoining section. 

[0010] The important section of this invention is explained using a drawing, 
drawing 2 - (-- a --) -- drawing 17 - having been shown -- the former -- the dual 
mode -- an SAW filter -- an electrode - a pattern - a center - IDT - an electrode 
-- 12 - ' -- an outside - IDT -- an electrode -- 14 - ' -- contiguity -- the section -- 
expanding - having been shown - a top view - said -- drawing - (- b -) - the - 
a sectional view - void -- an electrode - a finger - for example, - (-- + -) - a 
side - ** -- carrying out -- a pattern - it is - an electrode -- a finger -- the (-) side 
-- carrying out . drawing 2 - (- a -) - being shown -- as -- a center - IDT -- an 
electrode -- 12 -- ' -- broad - an electrode - a finger - f - two -- a center - 
receiving - the symmetry - f -- one -- from -- f -- three -- up to -- three - a ** -- an 
electrode -- a finger - choosing -- this -- an electrode -- **** - both sides -- it is - 
an electrode - a finger - fa — a right end -- a location - from - IDT - an 
electrode -- 14 -- ' -- an electrode - a finger - fb -- a left end -- a location -- up to 
- this section - L4 - carrying out . Here, the adjoining section will be chosen as 
bilateral symmetry from the core of the broad electrode finger f2 that the 
continuity of a surface acoustic wave collapses. Moreover, electrode finger 
pitches other than the adjoining section are set to Lt. It replaces with three 
electrode fingers f1, f2, and f3 in this adjoining section L4, and as shown in 
drawing 2 (c), four electrode fingers F1, F2, F3, and F4 are newly formed in the 
equal electrode finger pitch Lt4. It is set to Lt4<Lt with a natural thing. Drawing 2 
(d) expresses the sectional view and polarity of this drawing (c). Thus, when four 
electrode fingers of an equal electrode finger pitch permute the adjoining section 



L4, the continuity of a surface acoustic wave is improved. 
[001 1] The above example is an example which permuted the Rhine-tooth-space 
ratio which replaced with three electrode fingers in the adjoining section of IDT 
electrodes shown in drawing 17 , and was newly formed with four electrode 
fingers set to 1:1. The continuity of the surface wave of what can extend a pass 
band will be spoiled by having constituted equally the electrode finger pitches Lt 
and Ltt which carry out basic form ( drawing 15 ) continuation, as it indicated 
drawing 18 (a) that this was described previously, and having carried out 
contiguity arrangement of the IDT electrodes which adjoin each other as shown 
in this drawing (b), although it had become the structure which a surface wave 
can spread continuously. Then, when the amount (Lt-Ltt) in which the electrode 
finger pitch narrowed is made into the amount Lof of offset, the description of this 
invention is in the place which has improved the continuity of a surface wave by 
distributing the electrode finger of a ** pitch equally at the adjoining section L4 
rather than arranging concentration, now one broad electrode finger for the 
amount Lof of offset to one place. 

[0012] The filter shape shown with the broken line of drawing 3 is a pass band 
property at the time of making RF filter for PDC (low frequency RF filter of the 
dual filter for PDC) as an experiment using the electrode pattern of the former 
( drawing 17 ). 39-degreeY-X LiTa03 is used for a piezo-electric substrate. 
Center frequency 877.5MHz, It is set as the bandwidth of 15MHz. The logarithm 
of lambda/4 and central IDT electrode 12' for 50:50 and the electrode finger 
center-to-center spacing Ltt 28.5 pairs, [ the ratio of an electrode finger and a 
tooth space ] They are IDT electrode 13' of both outsides, and the case where 
the number of 33lambda (lambda is an electrode period) and reflector 15 'a, 15' b 
is made [ both the logarithms of 14' ] into 90 for 19.5 pairs and the decussation 
length W, respectively. On the other hand, the filter shape shown as a continuous 
line is a pass band property at the time of permuting three electrode fingers 
which were in the adjoining section L4 as shown in drawing 2 (c) and (d) in four 
electrode fingers and tooth space which were formed in the equal electrode 



finger pitch Lt4. Pitch ratio alpha=Lt 4 of four newly formed electrode fingers/Lt is 
set to alpha= 0.8773. Furthermore, when this invention was applied, it became 
clear that broadband-ization of pass band width was realizable not only in the 
range of 0.2 lambda<=Ltt <=0.3lambda generally used until now as electrode 
finger spacing Ltt of the dual mode SAW filter made into criteria but the range of 
0.1 lambda<=Ltt <=0.3lambda. Therefore, the range which can be set up as pitch 
ratio [ of an electrode finger ] alpha in this example is set to 
0.8000<=alpha<=0.91 11. While bandwidth spread compared with the 
conventional filter, as for the dual mode SAW filter which becomes the 1st 
example, it became clear that an insertion loss was reduced, so that clearly from 
drawing 3 . 

[0013] The filter shape shown with the broken line of drawing 4 is a pass band 
property at the time of making RF filter for AMPS as an experiment using the 
electrode pattern of the former ( drawing 17 ). 39-degreeY-X LiTa03 is used for a 
piezo-electric substrate. Center frequency 881.5MHz, It is set as the bandwidth 
of 25MHz. 50:50 and the electrode finger center-to-center spacing Ltt for the ratio 
of the Rhine width of face and a tooth space 0.3lambda, The logarithm of central 
IDT electrode 12' 19.5 pairs, IDT electrode 13' of both sides, It is a filter shape at 
the time of carrying out two-step cascade connection of the dual mode SAW filter 
which made [ the logarithm of 14' ] the number of 45lambda (lambda is an 
electrode period) and reflector 15 'a, 15' b 120 for 13.5 pairs and the decussation 
length W, respectively. On the other hand, the pass band property shown as a 
continuous line is a filter shape at the time of carrying out two-step cascade 
connection of the dual mode SAW filter which permuted the adjoining section L4 
in four electrode fingers and tooth space of the equal electrode finger pitch Lt4 as 
shown in drawing 2 (c) and (d). Pitch ratio alpha=Lt 4 of four newly formed 
electrode fingers/Lt is alpha= 0.889. Expansion of bandwidth and reduction of an 
insertion loss can be checked as effectiveness of this invention also from drawing 
4 . 

[0014] drawing 5 -- this invention -- starting ~ the ~ two ~ operation -- a gestalt -- 



being shown ~ an example - it is - drawing 5 ~ (— a --) - drawing 17 - having 
been shown -- the former -- the dual mode - an SAW filter -- a center - IDT -- an 
electrode - 12 - ' -- an outside - IDT - an electrode - 14 — ' — an important 
section -- expanding - having been shown - an electrode -- a pattern - a top 
view -- said - drawing - (-- b -) -- the sectional view - it is . drawing 5 - (-- a -) 
-- being shown - as -- a center - IDT - an electrode -- 12 -- ' - broad -- an 
electrode -- a finger -- f -- four -- a center - criteria -- ** -- carrying out - the 
symmetry - f -- one - from - f -- seven - up to - seven -- a ** - an electrode -- 
a finger -- choosing - this -- an electrode -- **** -- both sides - it is - an 
electrode -- a finger -- fa -- a right end - a location -- from - IDT -- an electrode -- 
14 -- ' -- an electrode -- a finger -- fb -- a left end -- a location - up to -- the 
section -- L8 - carrying out - . Selection of the adjoining section L8 shall be 
made into the core of the broad electrode finger f4, and shall be chosen as 
bilateral symmetry. It replaces with seven electrode fingers within [ L8 ] this 
adjoining section, and eight electrode fingers F1, F2, F3, F4, F5, F6, F7, and F8 
of the equal electrode finger pitch Lt8 are formed. Drawing 5 (d) expresses the 
sectional view and polarity of this drawing (c). Thus, by replacing with by 
electrode **** of pitches [ electrode / of the adjoining section L8 containing **** ], 
it is expected that the continuity of the surface acoustic wave in the adjoining 
section L8 will be improved, and the insertion loss of a filter will be improved. 
[0015] The filter shape shown with the broken line of drawing 6 is the property of 
the filter at the time of making RF filter for PDC as an experiment using the 
electrode pattern of the former ( drawing 17 ), and many constants shown in 
drawing 3 are used for it. The filter shape shown as the continuous line of this 
drawing shows the pass band property at the time of permuting by eight 
electrode **** of the equal electrode finger pitch Lt8 while increasing one 
electrode finger at the adjoining section L8 when an IDT electrode comrade 
adjoins each other, as shown in drawing 5 (c) and (d). Pitch ratio alpha=Lt 8 of an 
electrode finger/Lt is 0.9235. If spacing Ltt between electrode fingers of the dual 
mode SAW filter used as criteria is set to 0.1lambda<=Ltt<=0.3lambda as 



mentioned above, the range which pitch ratio alpha of an electrode finger can set 
up will be set to 0.8941 <=Lt8/Lt<=0.9530. Compared with the conventional dual 
mode SAW filter (broken line), a filter shape passband is also known by reducing 
breadth and an insertion loss by the dual mode SAW filter (continuous line) of the 
2nd example so that clearly from drawing 6 . Moreover, the filter of the pass band 
permuted with eight electrode fingers when drawing 3 was compared with 6 was 
larger than four things, and it became clear that the insertion loss was small. It is 
guessed that this is that by which the continuity of a surface wave has been 
improved more. 

[0016] Drawing 7 shows the gestalt of the 3rd example to an upper case with a 
sectional view for the conventional example ( drawing 17 ) at the lower berth. A 
total of nine [ every four electrode fingers / of the same number ] are chosen as 
right and left among drawing focusing on the broad electrode finger f5, and the 
section from the location at the left end of the electrode finger f1 in the both sides 
of this electrode **** to the location at the right end of the electrode finger f9 is 
set to L10. It replaces with nine electrode fingers of f9 from the electrode finger f1 
in this adjoining section L10, and ten electrode fingers of F10 are newly formed 
from the electrode finger F1 . The electrode finger pitch chooses it out of right and 
left of the adjoining section L10 as the symmetry with pitches p1, p2, and p3, its 
electrode finger pitch of p1>p2>p3 and a central part is the narrowest, and it sets 
an electrode finger pitch as it so that it goes to ** shown in the lower berth of 
drawing 7 toward outside, and electrode finger pitches other than the adjoining 
section may be approached. It sets up so that it may specifically become a V 
character mold, a U character mold, or a reverse trapezoid mold (p1>p2=p3). To 
electrode pitches Lt other than adjoining section L10, the continuity of a surface 
acoustic wave is spoiled and the direction set up so that change of adjoining 
section L10 pitch pi may decrease as much as possible is conjectured that there 
is also nothing. 

[0017] The filter shape shown with the broken line of drawing 8 is a pass band 
property at the time of making RF filter for PDC (high frequency RF filter of a 



PDC dual filter) as an experiment using the electrode pattern of the conventional 
example ( drawing 17 ). 39-degreeY-X LiTa03 is used for a piezo-electric 
substrate. Center frequency 1489.0 MHz, It is set as the bandwidth of 24MHz. 
60:40 and the electrode finger center-to-center spacing Ltt for the ratio of Rhine 
and a tooth space 0.3lambda, It is a filter shape at the time of making [ the 
logarithm of central IDT electrode 12' / the logarithm of 22.5 pairs, IDT electrode 
13' of both sides, and 14' ] the number of 30lambda (lambda is an electrode 
period) and reflector 15 'a, 15' b into 90 for 15.5 pairs and the decussation length 
W, respectively. On the other hand, the pass band property shown as a 
continuous line is a pass band property when ten electrode fingers formed in the 
electrode finger pitch pi (2 i= 1 , 3) permute nine electrode fingers within the 
adjoining section L10, as shown in the lower berth of drawing 7 . The electrode 
finger pitches p1, p2, and p3 can be expressed as pi=alpha i-Lt using electrode 
finger pitch ratio alphai to the original electrode finger pitch Lt. the example of 
drawing 8 -- pitch ratio alphai ~ reverse trapezoidal shape - respectively - 
0.9667 and 0. - it was referred to as 9333 and 0.9333. As change of a pitch, V 
typeface (a primary type, |a(x-b) |), U typeface (a secondary type, a(x-b) 2), etc. 
can be considered in addition to this. While bandwidth spread compared with the 
conventional filter, as for the dual mode SAW filter of this invention, it turned out 
that an insertion loss is reduced, so that clearly from drawing 8 R> 8. 
[0018] Drawing 9 is drawing showing the gestalt of the 4th example, and the 
conventional example ( drawing 17 ) and this drawing (b) where this drawing (a) 
serves as criteria, and (c) are the sectional view showing the configuration of the 
electrode pattern of the 4th example, and a top view. Although it considered as 
the adjoining section which increases one electrode finger and the adjoining 
section was decided to be bilateral symmetry focusing on the broad electrode 
finger in the old example, it is the example chosen so that how to choose the 
core of the adjoining section in this example might be shifted to the direction of 
an outside IDT electrode from a broad core and many electrode fingers of an 
outside IDT electrode might be included, drawing 9 -- (-- a --) -- being shown - as 



- a center ~ IDT - an electrode ~ 12 - ' — an electrode - a finger - fa - a right 
end -- a location -- from -- an outside - IDT - an electrode -- 14 - ' -- an 
electrode - a finger - fb - a left end -- a location - up to - the section - L4 - 
carrying out . The broad electrode finger f1 and the electrode fingers f2 and f3 of 
the electrode finger pitch Lt are within this adjoining section L4, it replaces with 
these three electrode fingers f1, f2, and f3, and four electrode fingers F1, F2, F3, 
and F4 of the equal electrode finger pitch Lt4 are formed. It is set to Lt4<Lt with a 
natural thing, and an electrode finger pitch ratio is set to alpha4=Lt4/Lt<1. 
[001 9] A showing [ the broken line of drawing 1 0 ] filter shape is the pass band 
property of the dual mode SAW filter constituted from a four equal electrode 
fingers pitch concerning this invention shown in drawing 2 R> 2 (c) and (d), and 
many constants used the constant shown in drawing 4 . The filter shape shown 
as the continuous line of this drawing is the thing of the dual mode SAW filter 
using the 4th example, and it is a pass band property at the time of removing 
three, increasing one electrode finger which existed in the adjoining section L4 as 
shown in drawing 9 (b) and (c), and forming four electrode fingers in an equal 
pitch, although the ripple has arisen in the pass band since the terminal 
impedance is carrying out mismatching - an electrode - a pass band can be 
made flat by setting up a logarithm proper. The adjoining section which narrows 
an electrode finger pitch like does not necessarily need to choose a broad 
electrode finger as the symmetry as a core, and may incline toward this example 
to the direction of the IDT electrode of outside approach. 
[0020] Drawing 1 1 (a) is the sectional view showing the electrode pattern of the 
dual mode SAW filter of the former ( drawing 1 7 ) used as criteria, and (b) is the 
sectional view of the electrode pattern in which the gestalt of the 5th example 
concerning this invention is shown. The section to a location is set to L3 at the 
right end of the electrode finger f3 from a left end location a core [ the broad 
electrode finger of drawing 11 (a) ] at the neighboring electrode fingers f1 . It 
replaces with three electrode fingers f 1 , f 2 , and f3 in this adjoining section L3, 
and four electrode fingers F1, F2, F3, and F4 are newly formed. The Rhine width 



of face considers any electrode finger as as [ the original Rhine width of face Ln ], 
and the electrode finger f1 is set to F1 as it is, and sets the electrode finger f3 to 
F4 as it is. And it replaces with the electrode finger f2, and arranges in pitches 
[ fingers / F2 and F3 / of the Rhine width of face Ln / two / electrode ]. So, the 
tooth space S2 between electrode fingers becomes narrow compared with the 
tooth-space width of face St of criteria. That is, S2 can be calculated from a 
degree type. 

3S2=2St+ (Ltt-lambda/4) (1) 

That is, three places are made to distribute what the conventional offset was 
concentrating on one place, and an improvement of the continuity of a surface 
wave is aimed at. 

[0021] The filter shape shown with the broken line of drawing 12 is a pass band 
property at the time of making RF filter for AMPS as an experiment using the 
electrode pattern of the former ( drawing 17 ). 39-degreeY-X LiTa03 is used for a 
piezo-electric substrate. Center frequency 881.5MHz, It is set as the bandwidth 
of 25MHz. 50:50 and the electrode finger center-to-center spacing Ltt for the ratio 
of an electrode finger and a tooth space 0.3lambda, The logarithm of central IDT 
electrode 12' 19.5 pairs, IDT electrode 13' of both sides, It is the pass band 
property of the filter which carried out two-step cascade connection of the dual 
mode SAW filter which made [ the logarithm of 14' ] the number of 45lambda 
(lambda is an electrode period) and reflector 15 'a, 15' b 120 for 13.5 pairs and 
the decussation length W, respectively. On the other hand, the filter shape shown 
as a continuous line is the pass band property of the filter which carried out two- 
step cascade connection of the dual mode SAW filter which set electrode finger 
pitch L't4 of the adjoining section L3 to 0.425lambda as shown in drawing 1 1 (b) 
after setting electrode finger spacing Ltt of criteria to 0.275lambda. A tooth space 
S2 is set to 0.175lambda here. Expansion of bandwidth and the reduction of an 
insertion loss which are the effectiveness of this invention are clear also from 
drawing 12 . Moreover, drawing 13 is drawing showing the filter shape of a decay 
area, and, as for a broken line, the property of the filter of the former ( drawing 



1 7 ) and a continuous line show the filter shape of this invention. It turns out that 
the property of the filter of this invention is improved a little at the low-pass side. 
[0022] 

[Effect of the Invention] This invention expresses the outstanding effectiveness of 
reducing an insertion loss while the pass band width spreads in the dual mode 
SAW filter concerning this invention, since it constituted as explained above. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the top view showing the configuration of the electrode pattern of 
the dual mode SAW filter concerning this invention. 

[Drawing 2] The expansion top view where (a) and (b) become the criteria and 

sectional view of the important section of the conventional dual mode SAW filter, 

(c), and (d) are the expansion top views and sectional views of the important 

section of the 1st example concerning this invention. 

[Drawing 3] It is the pass band property of RF filter for PDC made as an 

experiment using the electrode pattern of the 1st example concerning this 

invention. 



[Drawing 4] It is the pass band property of RF filter for AMPS made as an 
experiment using the electrode pattern of the 1st example concerning this 
invention. 

[Drawing 5] The expansion top view where (a) and (b) become the criteria and 

sectional view of the important section of the conventional dual mode SAW filter, 

(c), and (d) are the expansion top views and sectional views of the important 

section of the 2nd example concerning this invention. 

[Drawing 6] It is the pass band property of RF filter for PDC made as an 

experiment using the electrode pattern of the 2nd example. 

[Drawing 7] An upper case is the expanded sectional view of the important 

section of the conventional dual mode SAW filter used as criteria, and the lower 

berth is the expanded sectional view of the important section of the 3rd example 

concerning this invention. 

[Drawing 8] It is the pass band property of RF filter for PDC made as an 
experiment using the electrode pattern of the 3rd example. 
[Drawing 9] The expanded sectional view of the important section of the 
conventional dual mode SAW filter from which (a) becomes criteria, (b), and (c) 
are the 4th expanded sectional view and top view of an important section of an 
example concerning this invention. 

[Drawing 1 0] The pass band property of the filter which made the continuous line 
as an experiment using the electrode pattern of the 4th example, and a broken 
line are the pass band properties of the filter made as an experiment using the 
electrode pattern of the 1st example shown in drawing 2 . 
[Drawing 1 1] The expanded sectional view of the important section of the 
conventional dual mode SAW filter from which (a) becomes criteria, and (b) are 
the expanded sectional views of the important section of the 5th example 
concerning this invention. 

[Drawing 12] The pass band property of the filter made as an experiment using 
the electrode pattern of the 5th example which a continuous line requires for this 
invention, and a broken line are the pass band properties when using the 



conventional electrode pattern. 

[Drawing 13] The decay area property of the filter made as an experiment using 
the electrode pattern of the 5th example which a continuous line requires for this 
invention, and a broken line are the decay area properties when using the 
conventional electrode pattern. 

[Drawing 14] It is the top view of the basic electrode pattern in which the 
configuration of the conventional dual mode SAW filter is shown. 
[Drawing 15] It is drawing showing the dimension of each part of the basic 
electrode pattern in which the configuration of the conventional dual mode SAW 
filter is shown. 

[Drawing 16] It is the electrode pattern Fig. showing the configuration of the 
conventional dual mode SAW filter constituted that pass band width should be 
expanded. 

[Drawing 17] It is the electrode pattern Fig. showing the configuration of the 
conventional dual mode SAW filter which presented practical use with drawing 
16 . 

[Drawing 18] (a) shows the sectional view of the electrode pattern at the time of 
expanding the sectional view and bandwidth which show the electrode pattern of 
the basic form of the conventional dual mode SAW filter, and the dimension of 
each part. 

[Description of Notations] 
1, 2, 3 .. IDT electrode 
4a, 4b .. Reflector 

Li, L3, L4, L8, L10 .. The adjoining section when two IDT electrodes adjoin 

fa, fb, f1 , f2f3, f4, f5, f6, f7, f8, f9 .. Electrode finger 

F1, F2, F3, F4, F5, F6, F7, F8, F9, F10 .. Electrode finger 

p1, p2, p3 .. Pitch of an electrode 

S2 .. Tooth space 
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[0017] S8^iitSt7 

(017) «tSA7-/-^IUTPDCfflf)RF7^ 
)V? ( P D Cf a 7^7 ^ ;^»SMR F 7 ) 

3 9° Y-X LiTa0 3 », ^C^iSR*14B9. 
0MHz, Ml2 4MHztf£5£U 7 -< >- i: X^-X i; <?) 
Jt£ 6 0 : 4 0 , mS^OTaWiL tt^O. 3 A , 
tfi&«D I DTtS 1 2 ' <0*flR£22.5*^ Mfl<7> I DT 
Hffi 1 3 ' , 14' ^*fift£l5.5*f . £X^W£ 3 0 A 
(AtelKffijgSJ) , Elf Is 1 5' a. 15' btf)#»£ 
•fftWO* t L fc*£<9 7 4 /t^# BX'fo I. £ ft t 
*f imm^i-^XJ s> F#ttfi0 7 OTKfc* L J: 

at, bbseisil i o^tfei»9*^msf^. mssi 

b-yf P i (i = l, 2, 3 ) C«U1 0*<0« 
SfgT-WL/i^W^s> F#t£T&6 . t*f!tt" 
7fpl, p2, P3il 7c«li^t'7fLt(;ML 

T€Sfgt°.y^b« i^fflV^T, Pi=«i ■ Ltfcft 
5 . 0 8 ^jTIi b° >y -fit a i liigSJ&tt'C-tft 
■?'ft0.9667. 0.9333. 0.9333b Ltz. ^-v^mtbL 
XM^tlWHZV^B ( I a (x-b) | ) . 

(2ifc£, a (x-b) 2 ) ^#itft4. 0 
8 HJJ & J 3 ^^HflO^fi^- FSAW7^^ 

««7 ;^(:^tf»li^ fc^tff 
AfI**«$ftS; k&ftfriti. 

[0018] M9im4<7)mmmmm^mx'h -> 

3S2 = 2St+ (Ltt- 
o 4 0 . 7 b -y F # m izM 4> L X t ^ i <0 

cor* 5. 



T. |SI0(a)ttapt5rl,^*M(017) , ^]0 
( b K ( c ) (iH4 ^fffif^€S^-y^§fi!££ 
^»rffi0fc. ¥ffi0T'*l> o ^^T"^tMT1im« 

l^m^-tmmmb ix, m&mmiz&bt 
LxtE-sm ! zm&mm : ^ • *w 
Kr^^c^jsw'Tj^tM^^c^^^Hi^ i DTm 

i a £MA,imvhh . 09(a) t^-Ti a t**^ 

I DTmSl 2 ' O^Sf^f a^^S^fiM^t. ^ffJJ 
CO I D Ttffi 1 4 ' 0)W®fc f b t07±iSOf4ES T"«g 

^ l 4 1 . ^^ssgK^iL 4 ^ tiitg^o mm 

fit. €®§tf>yf-Ltc?)«|iJgf 2. f 3^'feD. 
^ft^3*t0mSf^f K f 2, f 3WUT, 
m»^t°>y^Lt4t04*t0mS^F 1 , F2, F3. 

0, «88&t«yf-tt(ia4 = Lt4/Lt<lfc!SrS. 
[ 0 0 1 9 ] 0 1 0t0*$ST'*-ft07 ^ /P^ffttfi, 0 

2(c). ( d ) t^t^*^sjft^§4*^±wms 

f£h° >y ^TflBit L/SZfit- FSAW7^/^W *XJ \* 
yKHttt, Sf®R(iH4t*Lfc®R*fflv^. R0 

i E-HSAW7^;l'^<0i<0T*oT, 09 (b) s 
( c ) fc^Lfci 3 tBHSEB|L4 fc#£LfclW5f&£ 
3**K0*0. l*l*H>fC4*^1WE*i*^t-y 

■ti £ «t t i O^tt^y F * Tfflt-tS i t tfX% h . 

[00 20 ] 011 (a) {iSpt^rl>^* (01 7) 

^ozfi^- fs AW7 ^^^igffi^-vS^rfBfiii 

0-Cfe 0 . ( b ) (i*^t«S m 5 ^»feM0ff^& 
^»^-y^iTffi0T'*l> o 01 1 (a) <7Mfe 

vfwmkw*b ^xmrnmrnm 1 tis«eii> 

6 . €Sft f 3 tf4M* T"^Kr H 1$- L 3 -th „ 
;^HffKf^L3tS>S3*0€Sfgf K f 2, f 3 
mtzlZ4*CDMmmF l, F2, F3, F4 
. Mfto^Sf^ fc 7 -< y (B(iTcf) 7-^f yfML 
notifc «s^f la^^tiF i fc u 

f 3(i-t«0iiF4i:-rS. -fLT, flSfaf 2tfti 
T5>f yfiLn<7)2*(7)Wa&F2. F3^^bvft 

■ /A) (1) 

[ o o 2 1 ] 0 1 2?mnx'^i-7 4 )v?wm±. ^* 

(01 7) WliA7-y^^AMPSffl(7)RF7 
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mmz3 9" Y-X LiTa0 3 £fflV\ *'MSfiftR 
£881.5MHz, ^i$fiM2 5MHzfc|ft5£U VMitX^- 
XCDktZ 5 0:5 0, mSfg^QfaTHlPiL t t & 0 . 3 
A , tp&CT) I D TIS 1 2 ' <75*ff8t£l9. miMC0 I 
DTmSl3' .14' mmi3.5tt, £X£W£45 
A (A(±«ffi^S3) , mmi 5' a. 1 5' b<7)*iSc 
JftlfW20*t LfcZl ; E-b*SAW7't^J2 
fM^fi^L*:7 ^;^w«A'yp#tttft4. £*i 
fcMLSflT''^7 ffif^ltMtP^PlL 
1 1 £0.275 At Lfc_tt\ ^11 (b) t^-f i-5t 
PSfE^L 3«lS^t7fL' t 4 £0.425A i: Lfz 

—V SAW 7 4 )V91t 2 IW^ffM Lfc 7 -f 
WUAy Kff ST&S . Z ZTX^-X S 2i20. 175 
A t tSih . 0 1 2 &#8HJ?«^t*&£^#llO& 
* » Ati*«ffiM^ ^ h . i , IH 1 3 (2M 
SliiO7^^#tt£7j^-0T\ Mil* (017) 

[0 0 22] 
[0H<7)ffim&fM] 

[01 ] *^tf^SZS^-KSAW7^;l/^C0«ffi 

[02] (a), (b) {mmb^mm^m^-v 

S A W 7 4 A'* O^i!«fe7v J Fffi0 1 -e OKffi0 , 

( c ) , ( d ) a*muzmm nmmemmnm 
[03] *mv,zmm 1 ^- y 

l ^M#Lt P D CfflR F 7 ^ WUA> K#ftt 

[04 ] *^0flt«smi onjfe^ms^^-y^ffl 

^TS#Lt AM P SfflR F 7 4 

[05] (a), (b) ttMSfc^Sf^fOZSt-F 
S A W 7 4 /l^ O^i5Oj£7v¥ffi0 1 OKffi0 . 

( c ) , ( d ) (±*^t;«l.®2^SffiMo^gp^ 
ATO0fc^KfTW0T'fcl> o 

[06 ] ^2tO||^MO»^-y^ffl^Ti*#L^ 
P D CfflR F 7 4 /^WUA> HiRfttT&S . 

[07] ±&ttS¥fc3r§«^fi:^-h'SAW7^ 



3 OH3fiM^^i5OJi£AllTffi0T'^ !> „ 

[08] m3<7)SlffeM^mS^^-y&ffl^TM#L^ 

PDCfflRF7^ )l>?<r>nxrsy K#ltT"S> & . 

[09] ( a) «XPfc£Sfi!*C0~fi^-KSAW7 

^W^^Ii^III, ( b ) , ( c ) 

£ S JS4 £D»SMoggpo^KH0 fc ™0T"fe !> . 

[010] mmi&4<?mm<r>mm'*?->zM^x 

[011] (a)iaih^S»03t-FSAW 
7 4 /^<7)gS^±RH0. ( b ) ii&mttz&m 
5 «HffiMtO^Ofii;ABTffi0T"S> S „ 

[01 2] m&ittmiizmmsvymmfmfr** 

[014] ^*c7)rfi^-KSAW7^P^^ffifig^S 
[015] flg#<0Zfi : E-FSAW7 4;^<9fflfl££iS 

[016] wmmmm*rf^<w$LUz®&cvrm 
[0 1 7 ] 0 1 6 *%mzmh io\z itztm^-zm 

[018] (a)iM*«^it-FSAW7^;^« 
1. 2. 3 ■ ■ I DT^S 

4a, 4b- ■ mm 

Li, L3, L4. L8, L 1 0 ■ ■ 2oc?) I DT1S 

fa, fb, f 1, f 2f 3, f 4, f 5, f 6, f 
7 , f 8 , f 9 ■ ■ W&g 

Fl, F2, F3, F4, F5, F6, F7, F8, F 

9 , f i o ■ ■ mmm 

Pi, p2, P 3 ■ ■ llcDh'7f 
S 2 ■ ■ X^—X 
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